INTRODUCTION
Survival for patients with metastatic colorectal cancer (mcrc) has improved substantially as a result of advances in surgical resection and systemic therapy [1] [2] [3] . Two such therapies are the monoclonal antibodies, panitumumab and cetuximab, which are directed against the human epidermal growth factor receptor (egfr). In randomized phase iii studies, these antibodies have demonstrated efficacy for the treatment of KRAS wild-type (wt) mcrc in combination with first-line chemotherapy [4] [5] [6] [7] [8] [9] and second-line chemotherapy [10] [11] [12] , and as single agents in the thirdline setting [13] [14] [15] .
The clinical use of anti-egfr therapy varies, being influenced by national treatment and reimbursement guidelines, the resectability of hepatic metastases, and the patient's toleration of other systemic agents. Anti-egfr therapies are particularly favoured for third-line treatment, as shown by a large U.S. study of 1665 mcrc patients treated between 2004 and 2008 , which demonstrated that the most common third-line treatment regimens contained anti-egfr agents. Of the patients enrolled in that study, 278 (16.7%) received combination therapy with both
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Background
The survival benefit for single-agent anti-epidermal growth factor receptor (egfr) therapy compared with combination therapy with irinotecan in KRAS wildtype (wt) metastatic colorectal cancer (mcrc) patients in the third-line treatment setting is not known. The objective of the present study was to describe the characteristics of, and to compare survival outcomes in, two cohorts of patients treated with either singleagent panitumumab or combination therapy with cetuximab and irinotecan.
Methods
The study enrolled patients with KRAS wt mcrc previously treated with both irinotecan and oxaliplatin who had received either panitumumab or combination cetuximab-irinotecan before April 1, 2011 , at the BC Cancer Agency (bcca). Patients were excluded if they had received anti-egfr agents in earlier lines of therapy. Data were prospectively collected, except for performance status (ps), which was determined by chart review. Information about systemic therapy was extracted from the bcca Pharmacy Database.
Results
Of 178 eligible patients, 141 received panitumumab, and 37 received cetuximab-irinotecan. Compared with patients treated with cetuximab-irinotecan, panitumumab-treated patients were significantly older and more likely to have an Eastern Cooperative Oncology Group (ecog) ps of 2 or 3 (27.7% vs. 2.7%, p = 0.001). Other baseline prognostic variables and prior and subsequent therapies were similar. Median overall survival was 7.7 months for the panitumumab group and 8.3 months for the cetuximab-irinotecan group. Multivariate analysis demonstrated that survival outcomes were similar regardless of the therapy Curr Oncol, Vol. 20, pp. 326-332; doi: http://dx.doi.org/10.3747/co.20.1600 cetuximab and irinotecan, and 142 (8.5%) received either single-agent panitumumab or cetuximab 16 .
An early randomized phase ii study of patients with unselected irinotecan-resistant KRAS wt mcrc demonstrated that, compared with patients receiving cetuximab alone, those treated with cetuximab-irinotecan combination therapy experienced significantly higher response rates, longer progression-free survival, and increased treatment toxicity 13 . However, the superiority of combination therapy compared with single-agent therapy in terms of overall survival is not established. Studies have shown a survival benefit for single-agent therapies (for example, cetuximab and panitumumab) compared with best supportive care 14, 15 . Compared with best supportive care, single-agent therapy with cetuximab conferred a survival benefit, but a randomized trial of panitumumab compared with best supportive care was obscured by a high level of crossover to the treatment arm. However, no other studies have compared overall survival between single anti-egfr agents and combination cetuximab-irinotecan treatment in the third-line setting.
In the absence of sufficient evidence, decisions about whether to administer a single agent or combination therapy with an anti-egfr agent in the third-line setting are currently guided by clinical factors and physician and patient choice. Understanding the benefits of single-agent compared with combination therapy would help to support clinical decision-making. The objective of the current study was therefore to describe the characteristics of, and to compare survival outcomes in, British Columbia patients treated with either single-agent panitumumab or combination therapy with cetuximab-irinotecan.
In British Columbia, anti-egfr therapy is restricted to the third-line setting for patients with KRAS wt mcrc previously treated with irinotecan, oxaliplatin, and 5-fluorouracil. Physicians and their patients are given the choice of either single-agent panitumumab or combination therapy with cetuximab-irinotecan; there is no access to cetuximab monotherapy in the provincial funding model. Crossover or sequential therapy with both panitumumab and cetuximab is not permitted.
Results from the present study may influence clinical decisions about the choice of single-agent anti-egfr therapy or combination therapy in the third-line setting.
METHODS
Selection and Description of Participants
Our study enrolled patients with a diagnosis of mcrc who had been referred to the BC Cancer Agency (bcca), a provincial cancer agency with 5 clinics throughout the province, serving a population of 4.4 million. The bcca is the sole funding body for systemic cancer therapy in the province, and 65% of all systemic therapy is administered at bcca or bcca-affiliated clinics.
Single-agent panitumumab and combination cetuximab-irinotecan were provincially funded as of July 1, 2009, for KRAS wt patients with mcrc previously treated with both irinotecan and oxaliplatin. Patients eligible for our study were identified in the bcca Pharmacy Database as having received at least 1 cycle of either panitumumab or cetuximabirinotecan before April 1, 2011 (date chosen to allow for a minimum of 4 months of follow-up for all included patients). Eligibility for anti-egfr therapy required documentation of previous treatment with, or ineligibility for, oxaliplatin and irinotecan. Documentation of KRAS wt status was required and verified as a condition of therapy. Patients were excluded if they had received panitumumab or cetuximab in earlier lines of therapy. Only 1 patient was excluded from the study for that reason, having previously received panitumumab therapy with oxaliplatin, leaving 178 patients eligible for the study.
Data Extraction
In a retrospective chart review, each patient's ecog performance status (ps) at the date of the first treatment cycle with panitumumab or cetuximab-irinotecan was abstracted. When the ecog status was not present, it was coded as "unknown" rather than being inferred. Other patient, tumour, and treatment characteristics were prospectively collected in the GI Cancers Outcomes Unit database. The GI Cancers Outcomes Unit was established at the bcca in 2004; it prospectively documents tumour, patient, and treatment characteristics for all patients referred to the bcca provincial clinics. Information about local, regional, and distant relapse is collected on an ongoing basis through letters to referring physicians. Mortality information is obtained through the Provincial Cancer Registry.
Information about systemic therapy-including the protocol on which the patient initiated therapy and the number of cycles (including range and median) of all therapies (panitumumab, cetuximab-irinotecan, oxaliplatin, irinotecan, and bevacizumab)-was obtained from the bcca Pharmacy Database. Data about any systemic therapies after panitumumab or cetuximab-irinotecan were also obtained.
Statistical Methods
Overall survival was calculated from the date of the first treatment cycle with anti-egfr therapy to the date of death (from any cause) or date of last contact, if the patient was still alive. The Kaplan-Meier approach was used to estimate overall survival, and differences between groups were assessed using a log-rank test. A Cox proportional hazards model was used to investigate independent associations between outcome and the various prognostic variables. Hazard ratios and 95% confidence intervals were calculated from the model for all prognostic variables.
Current OnCOlOgy-VOlume 20, number 6, DeCember 2013
Copyright © 2013 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).
Chemotherapy data from the bcca Pharmacy Database was categorized by type and by timing in relation to panitumumab and cetuximab-irinotecan therapy. Descriptive statistics were calculated using SPSS (version 14.0: SPSS, Chicago, IL, U.S.A.), with differences between groups evaluated using the chisquare test for categorical variables and the t-test or Mann-Whitney test for continuous variables.
The study was approved by the University of British Columbia and bcca Research Ethics Board and the BC Cancer Registry.
RESULTS
The 178 eligible patients with documented KRAS wt mcrc who commenced therapy with either panitumumab or cetuximab-irinotecan had a median follow-up (in living patients) of 9.2 months for the panitumumab group and 10.8 months for the cetuximab-irinotecan group.
Table i summarizes baseline patient characteristics. By a factor of nearly 4, patients were more likely to have received panitumumab (n = 141) than cetuximab-irinotecan (n = 37). Compared with patients who received cetuximab-irinotecan, those who received panitumumab were significantly older (median age: 66 years vs. 60 years; p = 0.05). Panitumumab-treated patients were also more likely to have a worse ecog ps: an ecog ps of 2 or 3 was documented for 27.7% of the panitumumab group compared with only 2.7% of the cetuximab-irinotecan group. Other baseline prognostic variables, such as frequency of metastasectomy, stage at initial diagnosis, receipt of adjuvant chemotherapy, and resection of the primary tumour were similar in the patient groups.
Table i also shows the type and duration of systemic therapy received by patients before anti-egfr therapy. Most patients had already received irinotecan and oxaliplatin, a requirement for provincial funding of anti-egfr therapy. The duration of prior irinotecan therapy was longer among patients receiving cetuximab-irinotecan (p = 0.06). A high proportion of patients in both groups received prior bevacizumab.
For every-2-weeks panitumumab, the median and mean number of cycles were both 9.0. For every-2-weeks combination cetuximab-irinotecan, the median and mean number of cycles were 8.0 and 9.8 respectively. For cetuximab, the median and mean number of cycles were 10 and 13.2, regardless of whether that agent given in combination with irinotecan. The latter finding indicates that the irinotecan portion of the initial combination therapy may have been discontinued and that patients were then treated with continued single-agent cetuximab.
As Table ii shows, subsequent systemic therapy of any kind was given to 30 panitumumab patients (21.3%), including the 13 patients (9.2%) who received irinotecan. Of the cetuximab-irinotecan patients, 9 (24.3%) received subsequent therapy, Kaplan-Meier overall survival analysis (Figure 1) showed a modest but statistically significant increase in overall survival for patients treated with cetuximab-irinotecan than for those treated with panitumumab (8.3 months vs. 7.7 months, p = 0.03).
A multivariate analysis estimated the prognostic impact of patient and treatment variables, including single-agent versus combination anti-egfr therapy (Table iii) . Survival outcomes were not statistically significantly different in patients treated with cetuximab-irinotecan (referent) and panitumumab (hazard ratio: 1.28; p = 0.34). Only ps was independently prognostic: survival was inferior for patients having an ecog ps of 2 or 3 compared with those having an ecog ps of 0 or 1 (hazard ratio: 3.37; p < 0.01). Patients whose ecog ps was unknown had a survival outcome similar to that in patients with an ecog ps of 0 or 1. On multivariate analysis, there was no survival difference between patients treated with panitumumab and those treated with cetuximab-irinotecan, and no significant associations were observed between survival and any of the other prognostic variables, including age, resection status, history of metastasectomy, or stage at diagnosis.
DISCUSSION
In this study of 178 provincially treated patients, the duration of survival was similar for KRAS wt mcrc patients treated with single-agent panitumumab and those treated with combination cetuximab-irinotecan. Patients treated with single-agent anti-egfr therapy were older and more likely to have an ecog ps of 2 or 3 at the time of therapy initiation. Multivariate analysis demonstrated that survival outcomes were similar regardless of the therapy selected; an ecog ps 2 of 3 was the only significant prognostic factor in this treatment setting.
Our study is strengthened by a relatively balanced distribution of prognostic characteristics between the two treatment arms, with the exception of ecog ps. That balance is likely a result of the identical provincially-specified eligibility requirements for both panitumumab and cetuximab-irinotecan therapy. The duration and type of previous systemic therapy, previous administration of bevacizumab or adjuvant therapy, stage at initial diagnosis, and previous metastasectomy were balanced between the two groups.
Study outcomes were similar to those seen in previous phase iii trials that examined outcomes of anti-egfr therapies compared with best supportive care 14, 15 . The median and mean number of cycles of panitumumab in our group were 9 and 9 respectively, compared with 8 and 10 in the phase iii study of panitumumab compared with best supportive care 15 . Overall survival for patients with an ecog ps of 0, 1, or unknown, treated with single-agent panitumumab, was 8.5 months; it was 9.5 months in patients treated with single-agent cetuximab in the co.17 trial 14 . But because more than one anti-egfr monoclonal antibody was used in the single-agent group, the latter study is not a pure comparison of the two treatment strategies. A relevant clinical question is whether there are differences in the efficacy of the two anti-egfr monoclonal antibodies, panitumumab and cetuximab. That comparison is the subject of the recently reported head-to-head aspecct study, in which patients with advanced KRAS wt mcrc were randomized to standard-dose panitumumab or cetuximab. Results from that study do not point to a significant difference in efficacy between the two agents, as evidenced by the lack of a difference in survival duration on multivariate analysis 17 .
The biweekly cetuximab-irinotecan regimen used during our study differs from that used in the initial randomized phase ii study 13 and from the dosing given in the product monograph, which specifies an initial loading dose followed by weekly administration of cetuximab. The current bcca treatment protocol was adopted after published data demonstrated similar progression-free and overall survival with weekly compared with biweekly cetuximab in combination with biweekly irinotecan [18] [19] [20] . The biweekly regimen was chosen for its greater efficiency and convenience compared with the weekly regimen. The 50% reduction in the frequency of treatment lowers the utilization of pharmacy and chemotherapy nurse and chair resources; it is more convenient for patients; and it reduces the use of antihistamines and corticosteroids, which are routinely administered before cetuximab infusion 21 .
The lack of a clinically meaningful difference in overall survival between the two treatment arms evaluated here calls into question the benefit for irinotecan in this treatment setting. The addition of irinotecan to cetuximab doubled the response rate in a previous randomized clinical trial 13 , but the irinotecan might not be required to achieve the survival gains associated with cetuximab in the third-line setting. The randomized clinical trial of cetuximab compared with best supportive care resulted in a significant improvement in overall survival to 9.5 months from 4.8 months (p < 0.001) 14 . Given the results of the present study, it is questionable whether combination therapy with cetuximab-irinotecan significantly improves on that survival gain. Patients eligible for further chemotherapy might be offered irinotecan sequentially after cetuximab or panitumumab. In the present study, 21% of patients treated with single-agent panitumumab were treated with subsequent systemic therapy, including 9% who received irinotecan. Of the patients treated with panitumumab or cetuximab-irinotecan, similar proportions were treated with subsequent systemic therapy, which indicates that the administration of cytotoxic therapy in the third-line setting with antiegfr agents is not associated with a higher likelihood of receiving subsequent systemic therapy.
Any retrospective review is subject to numerous limitations, including lack of standardized data on quality of life, toxicity, and response rate. The ecog ps data were retrospectively obtained from chart review, and the field was coded "unknown" when not recorded by the treating physicians. An additional challenge to the study results is that the sample was relatively small, particularly for the cetuximab-irinotecan cohort, making the analysis somewhat underpowered.
Choice of therapy is influenced by both physician and patient variables. Physician variables include familiarity with the treatment regimen and perceived importance of response rate, which is higher with combination than with single-agent therapy. Because of past experiences treating patients with cetuximab alone during a large Canadian-led clinical trial 14 , treating physicians might have been more comfortable with single-agent anti-egfr therapy than with combination therapy containing cetuximab. Patient factors include age, ps, and response to and tolerance of prior irinotecan. Despite documented differences in response rates between single-agent cetuximab (10.8%) and combination cetuximab-irinotecan (22.8%) 13 , response rates may be less clinically relevant in this advanced treatment setting, particularly in the absence of symptoms related to bulky disease.
CONCLUSIONS
Factors that influence decision-making in the thirdline setting of mcrc include treatment convenience and toxicity, patient quality of life, and response 
